An attempt was made in the present study to express mouse tyrosinase cDNAs fused with the authentic genomic 5' non-coding flanking sequence in cultured albino melanocytes. One of the cDNA sequences, which expressed successfully and produced melanin pigments, was analyzed with respect to deduced amino acid sequence. Sequencing of the tyrosinase genomic gene revealed the existence of several sets of a characteristic structure which consists of a chain of two successive stem structures, CCAAT-homology and TATA box at its 5' non-coding region.
INTRODUCTION
Tyrosinase (EC 1.14.18.1) is a copper-containing monooxygenase and is well known as the key enzyme for melanin biosynthesis in pigment cells.
The enzyme catalyzes the oxidation of tyrosine to L-3, 4-dihydroxyphenylalanine (L-dopa) by utilizing L-dopa as a cofactor.
L-dopa, then, oxidized to dopaquinone also by the same enzyme, becomes the substrate for the succeeding chemical pathway to lead melanin biosynthesis.
Deficiency in the enzyme activity results in albinism. In order to elucidate expression of the tyrosinase gene in melanocytes, cloning and sequencing of both tyrosinase cDNA and genomic DNA are essential. Huber et al. (1985) and Bernan et al. (1985) have reported cloning of the tyrosinase genes from Streptomyces glaucescens and Streptomyces antibioticus, respectively. We reported cloning and sequencing of the mouse tyrosinase cDNA for the first time as mammalian tyrosinase . A cDNA library was screened using anti-tyrosinase antibody and oligoriucleotide probes which corresponded to amino acid sequence of the mouse tyrosinase. The deduced amino acid sequence from the cloned cDNA was identical to the partial amino acid sequences determined for the purified enzyme at several positions. Following our report on mouse tyrosinase, the cDNA sequence of human tyrosinase was published by Kwon et al. (1987) . They identified the tyrosinase cDNA based on the fact that the sequence was not found in mouse genomic .DNA from an albino mutant with a deletion at the albino locus. Those two sequences were found to be highly homologous. Comparison of the two sequences, however, revealed a possibility of alternative splicing, because the coding sequence of mouse tyrosinase cDNA, Tyrs-33, was found to be shorter (about 150 base pairs around the nucleotide 1050 where the A of ATG is defined as + 1) than that of the human tyrosinase. Recently, Muller et al. (1980) and Ruppert et al. (1988) reported that alternative splicing gave rise to multiple transcripts of the mouse tyrosinase and that one of their cDNA, pmcTyrl, ligated with exogenous promoters expressed the enzyme activity in cultured human amelanotic melanoma cells and in cultured human breast cancer cells, although they did not report the production of melanin pigments.
On the other hand, "tyrosinase" cDNA clone previously claimed by Shibahara et al. (1986) was recently shown to map at the brown locus which has been known to control melanosome architecture, but not at the albino locus (Jackson, 1988) . Since we reported the cloning and sequencing of mouse tyrosinase cDNA, some additional clones have been screened in our laboratory. Among those cDNAs which contained a 5' non-coding flanking region, putative polyadenylation [poly-(A)] signal, and oligonucleotide sequences deduced from amino acid sequences of the purified enzyme, two types of cDNAs with different lengths have been noticed.
In order to elucidate the ability of the cDNAs to encode active tyrosinase protein and to produce melanin pigments, an attempt was made to transform cultured albino melanocytes by introducing the cDNA conjugated with the genomic promoter region. Since it is known that melanin is deposited in melanosomes in melanocytes and that its intermediate products are cytotoxic (Pawleck and Lerner, 1978) , the presence of amelanotic melanosomes in the recipient cells seemed to be an essential prerequisite to a successful transformation. Therefore, we utilized as recipient cells cultured albino melanocytes which contained melanosomes devoid of tyrosinase activity. For DNA to be transfected, a genomic 5' non-coding flanking sequence, which contained the putative promoter, was ligated to the tyrosinase cDNAs. One of these fused genes, the 5' genomic regulatory sequence and Tyrs-J cDNA (mg-Tyrs-J), was shown to express and to produce melanin pigments in the cultured albino melanocytes.
In the present paper we also report determination of the sequence of Tyrs-J cDNA as well as the genomic regulatory region, and discuss the characteristics of the regulatory elements of the mouse tyrosinase gene.
MATERIALS AND METHODS
Cloning of tyrosinase cDNA and genomic DNA A complementary DNA library from TM10 cells, which was a established melanocyte cell line derived from C57BLI6J black mouse (Sato et al., 1985) , was constructed by using Agt11 cloning vector. The library was screened with antibody against purified tyrosinase and oligonucleotide probes deduced from the amino acid sequences of the fragments of purified tyrosinase.
The cloning and sequencing procedures were reported elsewhere . Clones which were positive to both antibody and olignucleotide probes were selected as tyrosinase cDNAs.
Genomic DNA was prepared from 16.5-day C57BL/6J mouse embryos and cloned into EMBL3 vector according to the method of Frishauf et al. (1983) . The library was screened with a tyrosinase cDNA Trys-33 . Probes were prepared by using Multiprime DNA labelling system (Amersham, U. K.).
Sequencing of complementary and genomic DNA for tyrosinase Positive clones were subcloned into M13mp18 phage vector and/or pUC118, pUC119 plasmid. When pUC118 or pUC119 was used, single stranded DNAs were prepared by using a helper phage M13KO7 according to the method reported by Vieira and Messing (1987) . In order to complete the sequencing, artificially deleted clones were prepared from the original subclones according to the methods of Henikoff (1984) and Yanisch-Perron et al. (1985) . DNA sequences were determined by a dideoxy chain termination method (Sanger, 1981) . For the sequecing Klenow fragment (Takara Shuzo, Kyoto) or modified T7 polymerase (U. S. Biochemical Corp., Cleveland) was used. In order to circumvent the problem of base compression, dc7GTP (2'-deoxy-7-deazaguanosine triphosphate) (Mizusawa et al., 1986) or dITP (2'-deoxyinosine 5'-triphosphate) was substituted for dGTP in some cases.
Primer extension analysis of the 5'-end portion of tyrosinase mRNA Ten microgram of poly(A)+ RNA from mouse TM10 cells was reverse-mapped with a 17 nucleotide-long primer (5' CATACAAAATCTGCACC 3', located in the 5' non-coding region of tyrosinase cDNA) labeled with 32P at the 5' end, and with reverse transcriptase according to the method of Tsuzuki et al. (1987) . As a marker the genomic clone G3L was also sequenced with the same primer and enzyme by utilizing a dideoxy chain termination method.
Reconstitution of cDNA and genomic DNA for tyrosinase Restriction enzyme XhoI was used to cut tyrosinase cDNAs, Tyrs-33 and Tyrs-J. One of EcoRI fragments of genomic DNA was found to consist of 4.8 kilobase pairs (kb) and to contain the first exon and a 5' flanking region for the tyrosinase gene. The first exon of the genomic DNA was found to be identical to the corresponding area of the cDNA. The 5' upstream region of the genomic EcoRI-XhoI fragment was ligated with the XhoI-EcoRI cDNA fragment derived from either Tyrs-33 or Tyrs-J. The both fused DNAs contained the 5' flanking genomic non-coding sequence which included the putative regulatory region, the complete coding region of the cDNA, and its 3' flanking sequence.
Transformation of cultured albino melanocytes
The fused tyrosinase genomic-complementary DNAs were used to transfect cultured albino melanocytes AMT which was established by Abe et al. (1986) from BALBIc albino mouse, by a calcium phosphate method (Graham and Van Der Eb, 1973) . After transfection, the culture medium (Eagle MEM plus 10% calf serum) was supplemented with 0.04 mM L-tyrosine.
RESULTS
Nucleotide sequence and deduced amino acid sequence of the expressible tyrosinase cDNA
Mouse tyrosinase cDNA clone Tyrs-J, which was shown to express and to produce melanin pigments successfully in cultured albino melanocytes, was sequenced ( Fig. 1) . The sequence was found to consist of 1978 bp. A purine was recognized at position -3 (where the A of the AUG in RNA or ATG in DNA for the first Met to be translated is defined as + 1 through out this report), which was found to show a dominant effect to promote initiation of translation from the following AUG initiator codon (Kozak, 1986) . A putative polyadenylation recognition signal was recognized at positions 1811-1816. Amino acid sequences of all five cyanogen bromide fragments obtained from the purified tyrosinase were found in the deduced amino acid sequence. The molecular weight of tyrosinase estimated from the open reading frame was 60,603 dalton. There were six putative glycosylation sites (Bause, 1983) in the amino acid sequence.
This clone, Tyrs-J, contained additional 148 nucleotides at the 3'-side of the coding region (Fig. 1 , nucleotides from + 1037 to + 1184) when it was compared with the previously reported Tyrs-33 tyrosinase cDNA. Reading errors at the 3" coding sequence area in Tyrs-33 were also corrected.
Cloning of 5' upstream region of tyrosinase gene from genomic DNA Positive genomic clones screened with tyrosinase cDNA Tyrs-33 were subcloned in pUC118 or pUC119 by EcoRI digestion, and one of the subclones was designated G3L. The subclone G3L was about 4.8 kb-long and contained the first exon (819 bp, identical to the cDNA), a 5' non-coding flanking region, and a part of the first intron (Fig. 2) .
The TATA boxes were noticed at several sites, -406--400, -274--267, and -111--105 (Fig. 2, boxed) . The CCAAT homologies were also recognized at -542--538, -418--413, -282--278, and -260--257 (Fig. 2,  boxed) . Two TATA boxes were preceeded by the CCAAT-homology sequences. Tyrs-J, the cDNA clone which expressed tyrosinase activity and formed melanin in cultured melanocytes, was sequenced.
Amino acid sequences, obtained from purified tyrosinase, are in bold-face, and the corresponding oligonucleotide sequences, synthesized according to the amino acid sequences were underlined.
Consensus sequences of putative N-glycosylation sites (Bause,1983 ) are shown with broken lines. Asterisks under the nucleotide sequences indicate the termination colon. The dotted line indicates the putative polyadenylation recognition sequence. Subclone G3L which was liberated from the original insertion in EMBL3 phage by EcoRI digestion and contained the first exon is shown. Nucleotides of the first exon are printed in bold-face. The TATA boxes and CCAAT-homologies are boxed in. Stem regions are underlined.
The letter N denotes the position which has not been determined yet. The arrow indicates the major CAP site.
Prior to the CCAAT-homology position, two successive stem structures were recognized (Fig. 2, underlined) .
Repeated long GA clusters were also noticed in the 5' upstream region.
A transcription initiation site was assigned by a primer extension reaction at position -80 (Fig. 3) . Another minor band was also seen at -79. Some weak signals around -250 were also recognizable (data not shown).
Expression of tyrosinase cDNA fused with noncoding genomic DNA Two independently fused DNAs containing the same genomic regulatory sequence and two different cDNAs, Tyrs-33 or Tyrs-J, were prepared (Fig. 4 , mgTyrs-33 and mg-Tyrs-J).
Transforming ability of these fused genes were tested by introducing the genes into albino melanocytes. As expected, one of these fused genes, 5' genomic non-coding sequence-Tyrs-J cDNA (mg-Tyrs-J), was shown to express and to produce melanin pigments in the albino melanocytes (Fig.  5 ). Dendritic cells with fully pigmented melanosomes were observed in the culture.
They often appeared as colonies. The transformation rate was estimated to be about 3 X 10-4 in two independent experiments.
DISCUSSION
One of tyrosinase cDNAs, Tyrs J, was found to express and to produce melanin pigments in cultured albino mouse melanocytes, whereas Tyrs-33 was not functional.
Although partial amino acid sequences of all five cyanogen bromide fragments obtained from the purified tyrosinase were found in the deduced amino acid sequences from both Tyrs-J and Tyrs-33, the most probable reason for lacking expression of Tyrs-33 is that it devoids of one of putative copper-binding sites. Nishioka (1978) suggested that there were two copper atoms per tyrosinase molecule.
The second region of putative copper-binding sites (Huber and Lerch, 1986) , was found to be encoded by the third exon Ruppert et al., 1988) . Muller et al. (1988) also suggested that pmcTyr3, which Fig. 4 . Scheme of constructing tyrosinase cDNAs which have the 5" genomic non-coding sequence. Genomic clone G3L and cDNAs, Tyrs-J or Tyrs-33, were digested with XhoI and ligated each other. The resultant DNAs (mg-TyrsJ and mg-Tyrs-33) were redigested with the same enzyme to secure for two parts to be in right frame. Tyrs-33 has a deletion in the coding region. E, EcoRI; X, Xhol. Arrowheads indicate the sites of putative poly-(A) signal.
lacked the third exon, did not express tyrosinase enzyme activity. Conservation of copper-binding amino acid sequences from haemocyanin and such putative sites from tyrosinase has been discussed (Huber and Lerch, 1986; MUller et al., 1988) .
Most tyrosinase activity in vertebrate melanocytes is found in an insoluble fraction (for mouse tyrosinase, Seiji and Iwashita,1965; Iwata and Takeuchi,1977;  for human tyrosinase, Nishioka, 1978 ; for hamster tyrosinase, Ohkura et al., 1984;  for chiken tyrosinase, Yamamoto and Brumbaugh, 1984) . Ohkura et al. (1984) reported that the molecular weight of purified hamster melanoma tyrosinase solubilized with a detergent was 69,000. It is interesting to note that those purified tyrosinases, which were prepared from human, rodent, and fowl, and were solubilized with trypsin (Nishioka, 1978; Sugita et al., 1981; The bars are 100 ,um.
were con- Takeuchi,1981; Yamamoto and Brumbaugh,1984) , had almost the same molecular weight as that reported by Ohkura et al. (1984) . It is possible that trypsin does not digest the tyrosinase molecule itself, but does so a tyrosinase-binding protein(s) although such a molecule has not been identified. It seems reasonable to expect the existence of a tyrosinase-binding protein(s) (Yamamoto and Takeuchi, 1981; , because tyrosinase is transported from GERL (Golgi-endoplasmic reticulum-lysosome system, Novikoff, 1968) to an organelle, melanosome, and is integrated in its architecture.
In contrast with the apparent molecular weights estimated from purified tyrosinase, those obtained from the deduced amino acid sequences from the human cDNAs (Kwon et al.,1987; Shibahara et al.,1988) and the mouse cDNAs Muller et al., 1988) were 60,000, as was estimated for Tyrs-J. Therefore, the apparent molecular weight of purified tyrosinase protein is almost 10,000 dalton larger than that obtained from the deduced amino acid sequences from the cDNAs. Such a difference is probably due to glycosylation, since the enzyme has been known as a glycoprotein. Ohkura et al. (1984) reported that 1 mol of hamster melanoma tyrosinase possessed 4 mol sugar chains.
The amino acid sequence analysis of purified mouse tyrosinase suggested that the amino(N)-terminus of the enzyme was Ser or Gly at position 16 or 18 (Fig. l) followed by Phe-Pro-Arg-Ala.
This fact seems to suggest that the N-terminus of nascent tyrosinase is cut off or nibbled by proteases as a leader sequence in endoplasmic reticulum giving rise to the heterogeneous N-terminal end. On the other hand, Muller et al. (1988) estimated that the N-terminus of mouse tyrosinase was His at position 19 based on their deduced sequence from pmcTyrl.
The tyrosinase protein used for amino acid sequence analysis in our study was purified by partial digestion with TPCK (L-tosylamino 2-phenyl ethyl chloromethyl ketone) trypsin. The possibility that the digestion resulted in heterogeneity of N-terminal residues of tyrosinase can be excluded because neither Lys nor Arg is found prior to Phe at position 20. The sequence Phe-Pro-Arg-Ala was constantly obtained.
On the other hand, the deduced amino acid sequence analysis and a hydropathy profile (Fig. 6 ), seem to suggest another possible cleavage site of trypsin.
Another hydrophobic region covering about 20 amino acid residues near the carboxyl terminus around position 483 was found. To discard this region by digestion with trypsin to make tyrosinase protein soluble, the possible cleavage sites by the enzyme are Lys at 443, Arg at 461 and Arg at 473 (Fig. 6) . If this was the case in purifying tyrosinase protein by solubilizing with trypsin, the apparent molecular weight of such a protein should be estimated smaller than the non-digested one. As mentioned above, the fact is that the molecular weight of tyrosinase remained almost the same whether or not trypsin was used. Analysis of carboxyl(C)-terminus of those purified protein should elucidate this problem. Kwon et al. (1988) reported the construction of mouse tyrosinase minigene PMTY811C which consisted of the 0.65 kb mouse genomic sequence PTY-1H (HindIIl/ HincII fragment) at the 5' side conjugated with the 1.31 kb mouse cDNA fragment MTY811H(HincII/ EcoRI fragment) at the 3'-side. Kwon's amino acid residues at positions 103 and 346 deduced from PMTY811 C are different from those of our Tyrs-J cDNA. Cys at 103 and Gly at 346 of Tyrs-J are Ser and Val in Kwon's sequence, respectively. On the other hand, in a human tyrosinase cDNA Pme134 (Kwon et al., 1987) , the corresponding amino acid residue to his mouse cDNA PMTY811C at position 103 is Cys instead of Ser. Therefore, it seems likely that residue 103 of the wild-type tyrosinase is Cys. Another human tyrosinase cDNA clone reported recently (Shibahara et al., 1988) has also Cys at the corresponding position. We constructed the cDNA library from an established melanocyte cell line TM10, which showed relatively normal karyotype (Sato et al., 1985) , derived from C57BL/6J black mouse, while Kwon et al. (1987) used Cloudman S-91 melanoma derived from DBA mouse in order to make their cDNA library. They declaired that because MTY811 from which MTY811H was derived represented about 75% of the mouse tyrosinase coding region, the cDNA was ligated with genomic DNA clone PTY-1H at the HincII site as noted above. Unfortunately, the genetic background (mouse strain) of cells which had been used to constract the genomic library in order to screen Fig. 6 . Hydrophobicity profile of tyrosinase deduced from Tyrs-1 cDNA. This profile was drawn according to the methods of Kyte and Doolittle (1982) using window 6. The positions of amino acid sequences of all five cyanogen bromide fragments obtained from the purified tyrosinase are shown. Putative cleavage sites with trypsin at the carboxyl-terminus are also marked.
PTY-1, from which PTY-1H was derived, were not described in their report. The amino acid residue at position 103 is included in the sequence deduced from genomic sequence in Kwon's report.
The question whether the minigene of Kwon et al. (1987) can express or not seems to be important because Cys positions from mammalian tyrosinase are well conserved (data not shown). The difference at residue 346 between our and Kwon's sequences is considered to be due to polymorphism among strains, or due to a mutation during passages of the cell culture.
In addition, Ser at position 264 of Tyrs-J is Ile at the corresponding position of pmcTyrl . Those differences are shown in Fig. 7 . Several TATA boxes and CCAAT-homologies were found in the 5' upstream region of the tyrosinase gene. The result of primer extension analysis showed that the major transcription initiation site was at -80.
The TATA box at -111 to -105, which is about 30 by upstream from the transcription initiation site, seems to be the most common one. Some additional weak bands around -250 (not shown) suggest the existance of multiple promoters. Ruppert et al. (1988) has also suggested several promoters in the upstream region they recently cloned. Interestingly the 5'-end of their cDNA pmcTyrl was at -102 while the major transcription initiation site reported by them was at -82.
It indicates that the major transcription initiation site we found is present in pmcTyrl cDNA. The major initiation site reported from both groups is almost the same (-82 or -80).
Whether or not each set of structures which consist of two stems, CCAAThomology and TATA box, has functional importance for the gene expression is still unclear at presetn.
It is likely, however, that these characteristic structures construct the regulatory units including the promoter function. And it seems possible that these putative regulatory units are involved in tissue specific Note that Cys at position 103 in Tyrs-J and pmcTyrl ) is Ser in PMTY811C . This site is derived from genomic sequence in PMTY811C.
expression of the tyrosinase gene. Muller et al. (1988) showed that their pmcTyrl expressed the enzyme activity not only in human amelanotic melanoma, but also human breast cancer cells under the control of simian virus 40 (SV40) and Herpes simplex virus thimidine kinase (HSVtk) promoters.
Several problems remain to be clarified such as whether or not pmcTyrl can produce melanin pigments in such cells especially in breast cancer cells under those promoters, and whether or not the region of authentic genomic DNA is enough to have Tyrs-J expressed with a cell specific fashion.
A survey of a data bank using the DNASIS program (HITACHI concerning a long GA repeat has shown that such a sequence has mostly seen in the 5' or 3' non-coding region or in introns from variety of genes. However, the highest score obtained so far is from the flanking region of the mouse type 2 amu sequence (m2) (Kominami et al., 1983) , when one placed the sequence TGAAG(GA)26GGAA(GA)30GGTGT as the key sequence and all entries of E MB L data library version R15.0 as the target sequences. Among the top 50 sequences, the long GA repeats found in the tissue specific enhancer of the mouse E(d) beta gene 5' region (Gillies et al., 1984) , in both 5' and 3' regions of a cluster of histone genes H4-H2B-H3-H2A-H1 of sea urchin (Schaffner et al., 1978; Birnstiel et al., 1979) and in the Z-DNA region in the rat somatostatin gene (Hayes and Dixon, 1985 , and their draft entry as RNSOM142 in EMBL library in 1985) stimulated our interest.
It is probable, however, that the structure might serve as a border between tyrosinase and its neighbor gene, and/or as a hot spot in recombination.
It is possible that the putative poly-(A) signal at positions 1811-1816 is not an functional signal in vivo but a secondary one, because there remains a relatively long sequence between the signal and the 3'-end of Tyrs-J.
It is likely, however, that the poly-(A) signal is used with some efficiency in transfected cells. Actually the poly-(A) signal corresponding to the putative one in Tyrs-J is used in pmcTyrl as reported by Muller et al. (1988) . It seems probable that an additional secondary signal is also functioning to a certain extent in vivo.
The transformation rate we estimated was lower than expected. It seems, however, to be underestimated because albino melanocyte transformants tended to die probably due to an overexpression.
